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INTRODUCTION
         

         

       
         
         
       

        
       

       







         
 
     
        

          


       


       
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SUMMARY
There is currently a great deal of interest in using stable isotope methods to investigate diet, trophic level and migration in wild
cetaceans. In order to correctly interpret the results stemming from these methods, it is crucial to understand how diet isotopic
values are reflected in consumer tissues. In this study, we investigated patterns of isotopic discrimination between diet and blood
constituents of two species of cetaceans (killer whale, Orcinus orca, and bottlenose dolphin, Tursiops truncatus) fed controlled
diets over 308 and 312days, respectively. Diet discrimination factors (!; mean ± s.d.) for plasma were estimated to !13C2.3±0.6‰
and !15N1.8±0.3‰, respectively, for both species and to !13C2.7±0.3‰ and !15N0.5±0.1‰ for red blood cells. Delipidation did
not have a significant effect on carbon and nitrogen isotopic values of blood constituents, confirming that cetacean blood does
not serve as a reservoir of lipids. In contrast, carbon isotopic values were higher in delipidated samples of blubber, liver and
muscle from killer whales. The potential for conflict between fisheries and cetaceans has heightened the need for trophic
information about these taxa. These results provide the first published stable isotope incorporation data for cetaceans, which are
essential if conclusions are to be drawn on issues concerning trophic structures, carbon sources and diet reconstruction.
Supplementary material available online at http://jeb.biologists.org/cgi/content/full/214/4/538/DC1
Key words: captivity, discrimination factor, nitrogen enrichment, Orcinus orca, turnover, Tursiops truncatus.
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       

      
          


      















        






   

        
   








Sample preparation and isotopic analysis
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
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       

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        
      
     









"           









        

 
           







        
         











   
4(% */52.!, /& %80%2)-%.4!, ")/,/'9
540
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S. Caut and others

      
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Table 1. Mean 13C, 15N and C/N ratio values (±s.d.) for the (A) constituents (whole fish or muscle, delipidated or not) and (B)
composition of cetacean diets (with no delipidated constituents for 15N) over time (t, days)
N   13C (‰) F P   15N (‰) F P C/N F P
A. Fish constituents
Herring (Clupea harengus)
Muscle 23 –20.4±0.2 0.98 0.332 12.8±0.1 25.38 <0.001 4.8±0.2 0.57 0.459
Whole fish 23 –20.7±0.2 11.7±0.2 5.1±0.2
Delipidated muscle 23 –18.7±0.1 54.28 <0.001 13.0±0.1 2.93 0.101 3.3±0.1 41.93 <0.001
Delipidated whole fish 23 –18.6±0.2 61.26 <0.001 11.8±0.2 0.29 0.597 3.1±0.1 58.18 <0.001
0.07 0.795 38.59 <0.001 2.62 0.120
Capelin (Mallotus villosus)
Muscle 22 –21.7±0.1 59.27 <0.001 11.4±0.1 0.62 0.439 3.8±0.2 28.23 <0.001
Whole fish 22 –23.3±0.2 11.6±0.2 5.5±0.3
Delipidated muscle 22 –20.9±0.2 13.47 0.001 11.6±0.2 0.58 0.454 3.2±0.0 9.95 0.005
Delipidated whole fish 22 –21.2±0.1 115.59 <0.001 11.6±0.2 0.00 0.992 3.3±0.0 59.25 <0.001
1.44 0.243 0.01 0.935 7.27 0.013
Sprat (Sprattus sprattus)
Muscle 6 –20.8±0.3 2.87 0.129 12.5±0.1 8.30 0.021 6.2±0.4 8.77 0.018
Whole fish 6 –21.9±0.6 11.9±0.2 7.6±0.4
Delipidated muscle 6 –18.1±0.1 99.16 <0.001 12.7±0.1 1.11 0.324 3.3±0.1 64.97 <0.001
Delipidated whole fish 6 –18.2±0.1 36.33 <0.001 12.1±0.1 1.08 0.330 3.3±0.1 152.69 <0.001
0.03 0.858 11.30 0.010 0.09 0.770
Whiting (Merlangius merlangus)
Muscle 19 –20.2±0.1 10.66 0.004 11.4±0.1 0.49 0.494 3.1±0.1 20.20 <0.001
Whole fish 19 –21.2±0.3 11.3±0.2 3.9±0.2
Delipidated muscle 19 –20.1±0.2 0.05 0.820 11.5±0.2 0.07 0.793 3.1±0.0 4.49 0.048
Delipidated whole fish 19 –20.3±0.2 8.27 0.010 11.3±0.2 0.05 0.818 3.2±0.0 14.63 0.001
0.25 0.622 0.38 0.544 8.20 0.010
13C 15N




muscle Whole fish Muscle
B. Diet composition
Dolphin (ECL, ECU, JO*)
A: 30% herring + 70% capelin 0–175 –22.5 –21.3 –20.4 –20.2 11.6 11.8
B: 30% herring + 70% sprat 175–312 –21.5 –20.6 –18.3 –18.3 11.8 12.6
Killer whale (WIK, VAL)
C: 60% herring + 40% capelin 0–175 –21.7 –20.9 –19.6 –19.6 11.7 12.2
D: 70% herring + 30% whiting 175–308 –20.9 –20.3 –19.1 –19.1 11.6 12.4
Killer whale (INO)
D: 70% herring + 30% whiting 0–308 –20.9 –20.3 –19.1 –19.1 11.6 12.4
Killer whale (FRE, SHA)
E: 82% herring + 18% whiting 0–308 –20.8 –20.4 –18.9 –19.0 11.6 12.5
Significant values (P<0.05) are in bold. For 13C and 15N, values were determined using ANOVAs between fish muscle and whole fish (for muscle), fish
muscle and lipid-extracted muscle (for whole fish), whole fish and lipid-extracted muscle (for delipidated muscle) and lipid-extracted fish muscle and
lipied-extracted whole fish (for delipidated whole fish).
Diets before experiments consisted of 50% herring + 25% capelin + 25% sprat for the dolphins, 60% herring + 20% capelin + 20% whiting for killer whales
WIK and VAL, 70% herring + 30% whiting for INO and 80% herring + 20% whiting for FRE and SHA.
*JO is the dolphin star of the movie “The big blue” (1988, director Luc Besson).
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Fig.1. Individual nitrogen and carbon isotopic
values of plasma (top) and red blood cells
(bottom) for: (a) three captive dolphins (ECL,
ECU and JO) switched on day 175 from diet
A to diet B; (b) two captive killer whales (VAL
and WIK) switched on day 175 from diet C to
diet D, and one captive killer whale (INO) that
ate a constant diet D throughout the
experiment; and (c) two captive killer whales
(FRE and SHA) that ate a constant diet E
throughout the experiment. For dolphin (ECL,
ECU and JO) and killer whale groups (VAL
and WIK), exponential fits are only shown
when significant. For individuals that ate a
constant diet, we present the mean isotopic
values (dotted lines) (except for nitrogen
plasma values for SHA).
Table 2. Exponential equations (with R2) and half-life time (t1/2) in days for converging models for bottlenose dolphins ECL, ECU and JO
and killer whales VAL and WIK
Tissue Carbon Nitrogen
Animal ID Diet Equation R2 t1/2 Equation R2 t1/2
Plasma
 ECL, ECU and JO A y=–19.63+1.82e–0.0152x 0.85 45.6 y=14.02+1.14e–0.0351x 0.90 19.7
B y=–17.90–1.67e–0.0554x 0.90 12.5 y=14.73–0.75e–0.0344x 0.79 20.1
 VAL and WIK C y=–19.42+1.25e–0.0115x 0.73 60.3 y=13.83+0.27e–0.0166x 0.75 41.8
D y=–18.14–1.43e–0.0515x 0.70 13.5 – – –
RBC
 ECL, ECU and JO A – – – y=12.26+0.98e–0.0055x 0.78 126.7
B y=–17.60–1.73e–0.0252x 0.86 27.5 – – –
We only calculated and present the half-life and equation when the exponential and NLIN models significantly converged.
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Table 3. Carbon and nitrogen discrimination factors (!, ‰) in different tissues (calculated with whole fish, delipidated for 13C and not
delipidated for 15N) of the bottlenose dolphins ECL, ECU and JO and the killer whales VAL, WIK, INO, FRE and SHA
Carbon Nitrogen
Animal ID Diet !Plasma !RBC !Whole blood !Plasma !RBC !Whole blood
ECL-ECU-JO A 0.8 – – 2.4 0.7 –
B 0.4 0.7 0.1 2.9 – 1.7
Mean 0.6 2.6 –
VAL-WIK C 0.3 – – 2.0 – 1.4
D 0.5 – 0.8 – – –
INO D 0.8 1.0 1.1 2.5 1.4 1.5
FRE E 1.5 1.3 1.5 2.5 1.4 1.6
SHA E 1.6 1.3 0.8 – 1.4 –
Mean 1.0 1.2 1.1 2.3 1.4 1.5
For individuals with a diet shift, we only calculated discrimination factors when the exponential and NLIN models significantly converged (indicated with a ‘–’,






























Fig.2. Carbon and nitrogen isotopic values of blood tissues [plasma (P),
N24; red blood cells (RBC), N24; and whole blood (WB), N14],
delipidated (grey) or non-delipidated (black), for the last two sampling dates
of each diet for each individual (dolphins and killer whales). No significant
effect of delipidation was found on carbon and nitrogen isotopic values for
any of the blood tissues.
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Table 4. Discrimination factors (!, ‰, calculated with whole fish, delipidated for 13C and not delipidated for 15N) and C/N ratio of different
killer whale (SHA) tissues, before (!, C/N) and after delipidation (!del, C/Ndel)
Carbon Nitrogen
Tissue (SHA) C/N C/Ndel ! !del !–!del ! !del !–!del
Muscle 3.40 3.19 0.34 1.26 –0.92 1.21 1.23 –0.02
Liver 4.75 3.46 –1.82 1.27 –3.09 2.92 2.78 0.14
Skin 3.64 2.93 0.09 2.43 –2.34 3.05 3.18 –0.13
Blubber 9.69 3.06 –5.39 2.54 –7.93 3.34 3.15 0.19
4(% */52.!, /& %80%2)-%.4!, ")/,/'9
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      
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